
DemonstrationTestof SeawaterPumped-StoragePowerPlant

INTRODUCTION

The concept of seawaterpumped-storagepower generation,using the seaas the lower

reservoir,is consideredto beeffectivefor Japan,asthecountryis surroundedby theseaand

hassteeplyslopedcoastlines.TheMinistry of InternationalTradeand Industry(MITT) has

beenconductingsurveysofsuitablesitesfor sucha projectsincearound1960. Howeverthis

type of powergenerationhasnot beendevelopedasyet, sincevarious technologicaland

environmentalproblemsarising from the useof seawaterhavenot beenresolved.

Electric PowerDevelopmentCo., Ltd. (EPDC), under commissionfrom MITT, had, since

1981, been conductingpreliminary studies and feasibility, surveys concerningseawater

pumped-storagepowergenerationin OkinawaPrefectureasthe object of investigationtill

1989. As a result,EPDChadbeenable to identify most of individual technicalproblems

involved. In 1990, EPDCbeganconstructionof this plant in Okinawa.

Theplant is beingconstructedat Churasakuin theKunigamivillage, on thePacific coastof

northernOkinawaIsland,at thesouthern,endof the Japanarchipelago.(Seepicture 1 &

Figure 1)
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Picture 1 ImagePictureof theplant
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PURPOSE OF TEST

Pumped-storageelectricalpowergenerationis anefficientwayin achievingoptimalusefrom

existingthermal and nuclearpowergeneratingplants.

SinceJapanis surroundedby water, favorablegeographicalconditionsexist for seawater

pumped-storagepower plants. Investigationand researchof the phenomenonhasbeen

ongoingfor a long time.

Beforesuchpowerplantscanbeput to practicaluse,the conceptsmustbeproventhrough

extensivetesting. MITT conductedsix yearsof technical and environmentalinvestigations

in seawaterpumped-storagepowergenerationbeginningin 1981. In 1987, MITI decided

to startconstructionon a demonstrationmodel plant. The plant hasan outputcapacityof

Figure 1 Locationof the Plant
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30 megawattsand is uniqueasthe worlds first seawaterpumped-storagepowergeneration

facility.

This demonstrationtest is a governmentinitiative undertakenby EPDC.

WHAT IS A SEAWATERPUMPED-STORAGEPOWER PLANT?

Seawaterpumped-storagepowerplantshaveseveraladvantagesover fresh-waterpumped-

storagepowerplantsin currentuse. Costsfor damconstructionare lower since the seais

usedas the lower reservoir. Furthermore,powertransmissioncanbe moreefficient since

the powerplantscan be built nearelectric power consumptionareas. However,several

technicaland environmentalconcernscausedby using seawaterwill have to be solved.

Metal corrosionand marine organismgrowth is acceleratedin seawateras comparedto

freshwaterrequiringthe developmentof newtechnology.

Since seawaterwill be pumpedto the upperreservoir, the environmentwill have to be

protectedfrom seawaterseepageand spraycausedby strongwinds.

OUTLINE OF THE PROJECT

EPDC, under commissionfrom MITI, has been making basic studies for resolving the

problemspeculiarto a seawaterpumped-storagepowerproject andof the measureto be

taken.

As a result, an approximateoutlook regardingthe measuresto be taken against the

individual problemsanticipatedwas obtained. As the next stage,it was decidedthat a

comprehensiveand long-termverification shouldbe madeby constructinga plant of real

scaleand carryingout trial operation. (SeeFigure 2.3, Table 1)

-3-



JTypical Section of Penstock]

• •:~

/
) /~‘

/

/1 JX

~TypicaI Section of Tailrace TunneI~

Figure 3 Profile of the Plant

Figure 2 Planof the Plant
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Table 1 Specificationsof the Plant

ITEM UNIT DATA

RegulatingReservoir
High Water Level
Low WaterLevel
Available Drawdown
WaterSurfaceArea
GrossStoragecapacity
Effective StorageCapacity
Type

m
m
m

km2

106m3

106m3

152
132
20

0.05
0.59
0.56

excavatedtype
(RubberSheetLining)

Dam
Type

Height
CrestLength
Volume

-

m
m

103m3

Filldamwith Facing
(RubberSheetLining)

25
848
360

Waterway
Penstock
(Inside Dia. x Length)
TailraceTunnel
(Inside_Dia.x_Length)

m x m

m x m

2.4 x 314

2.7 x 205

PowerGeneratingScheme
Normal HeadwaterLevel
NormalTailwaterLevel
Normal EffectiveHead
Maximum Discharge
Maximum Output

m
m
m

m3/s
MW

149
0

136
26
30

TransmissionLine
(Churasaku-Taiho)

- 66 kV, 1 cct
Total Length 18 km

(Approx.)

Theplantincludesconstructionof anexcavatedtypereservoir(approximately250x 250 m)

on a table and of the elevationaround150 m approximately600 m from the seashore.
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Maximum dischargeof 26 m3/s is drawnby an intake at the bottom of the reservoir,and

conductedthrougha penstockof length approximately340 m to a powerhouseprovided

approximately150 m underground.After generationof a maximumoutputof 30MW with

the effective head of 136 m, the water goes through a tailrace tunnel of a length

approximately200m anddischargesinto the seafrom anoutlet. Duringpump-up,seawater

is pumpedup in reversefrom the seato the upperregulatingreservoir.

For transmittingthepowergeneratedandreceivingthepowerfor pump-up,a transmission

line of 66 kV will be newly constructedover a distance of approximately18 km for

connectionwith Taiho Substationof OkinawaElectric PowerCo., Inc.

After constructionon theplant is completed,it will beoperatedfor five years,duringwhich

time the plant will be checkedfor metalcorrosion(to the turbineandothercomponents),

marine life growth (shellfish etc.), and environmentalmonitoring datawill be collected.

Total verification will be obtainedfor the useof seawaterpumped-storagetechnologyfor

electric powergeneration.

DESIGN OF FACILITIES

UpperReservoir

Rubbersheetlining is to be providedasthesealingmediumfor the regulatingreservoir,to

preventseawaterfrom seepinginto the surroundingground. However,in caseany leakage

doesoccur, leakagedetectionand watercollection systemsare to beprovidedin a gallery

beneaththe reservoir.

The crestof thereservoiris to havea free-boardof 2 m above,the high waterlevel in view

of the wave causedby strongwinds (maximumwind speed50 m/s during typhoons).

Furthermore,a 1 m high parapetis to beprovidedasa measureto preventseawaterspray.
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rubber

Figure 4 Typical Sectionof Dam

Waterway

To preventseepageof seawaterinto thegroundwater,thepenstockis to havean innerlining

mainly of fiberglassreinforcedplasticpipe; steelpipewill alsobe usedin place (at bends).

To minimize growthof marineorganismsin thewaterway,a specialcoatingaroundthe parts

consistingof steelpipeswill be provided. This coatingwill also serveto improvecorrosion

protection.

The tailrace is to be concrete-lined,but a specialcoatingwill be provided at the inner

surfaceof the concreteto minimize adhesionof marineorganisms.

Powerhouse

The powerhouseis to be an undergroundtype providedapproximately150 m below the

groundsurface.Theundergroundpowerhousecavernis to be 17 m in width, 32 m in height,

and 41 m in length. Thevolume of excavationfor the cavernis approximately18,000m2.

Forconstructionofthe powerhouse,deliveryof equipmentsuchasthegenerator-motor,and

for installationof an elevatorandstairway,a vertical shaftof height 153 m andinsidecross

section7 m x 7.6 m is to be providedadjacentto the powerhouse.

I60,
~15Z~

134
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Intake and Outlet

Precastconcretebreakwatersare to be set in the surroundingsof the outlet, to minimize

changesin flow conditionsof the seaareaand to reducedeepwaterwave reflection.

To minimize the effecton coralasmuchaspossible,theapproachflow velocity of the outlet

screenis to be less than 1 rn/s.

It was feared therecould be adverseeffectson the surroundingseaareaas a result of

changesin water temperatureand water quality, dependingon the length of time that

seawateris retainedin the upperreservoir. Howevera study showedit wasconsideredthat

the changeswould bevery small.

ElectricalFacilities

For the partsof the pumpturbinerequiringhigh strengthsuchasrunnersandguidevanes,

it is plannedto adopt a modified variety of austenitetype stainlesssteeljudged to be

optimumamongstainlesssteelsfrom the standpointsof strength,corrosionresistance,and

forgoing technology. Regardingothermembers,the designsare to be for preventingrises

in equipmentcost by meanssuch as the combined use of durable paint and electric

corrosionprotection.

IMPACT ON VEGETATION AROUND THE UPPER RESERVOIR

Plantswith strong resistanceto saltwere found to grow thickly in the vicinity of theupper

reservoir.

As a resultof studiescarriedout concerningthe saltsprayfrom the upperreservoir,it was

predictedthat therewould be no effect on vegetationin view of the small surfaceareaof

the plant reservoir. During investigationsconcerningsalt damageto sugarcane(which is
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the main agriculturalcrop of Okinawa),it was found thatwind damageduring typhoonsis

a considerablymore seriousproblemin OkinawaIsland thansalt damage.

To confirm thesepredictionsand assessments,someobservationsand measurementsof

groundwaterlevels,saltconcentrationsin soil, andsaltsprayquantities,areto becarriedout

in the monitoringprocessbeforeand after construction.

ENVIRONMENTAL PROTECTION

As a resultof environmentalassessment,it is believedthattheenvironmentalimpactof the

plant will be minimal by taking following measures.

1. Thetotal surfaceareawithin the upperreservoirwill be coveredwith a rubbersheet

to protect the reservoirfrom seawaterseepage.

2. The waterwaywill be lined with FRP (Fiber glass RainforcedPlastic) to prevent

corrosionandto protect from seawaterseepage.

3. Specialemphasiswill be madeonwatervelocity and the outlet structureto protect

coral andmarine life from theinflow and outflow.

4. The tunnel and powerhousewill be locatedundergroundto ensurethe existing

pleasantnatural sceneryis retained.

Maximum emphasisand carewill be takento ensureminimal disturbanceof the natural

habitatandwildlife. Emphasiswill alsobeplaceon minimizingtheeffect of noise,vibration,

andwaterdiscoloration.
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WHAT IS A VARIABLE SPEEDPUMPED-STORAGESYSTEM?

This systemcancontrol pumping input and generatingoutput by changingthe rotational

speedof motor/generator.Characteristicsof a variablespeedsystemare:

1. An AFC (Automatic FrequencyControl) pumping operation becomespossible

becauseof variablepumpinginput.

2. A variable speedsystemcanbe operatedat the optimumspeedof a pump-turbine.

Therefore the system efficiency is much improved, and operating rangecan be

expanded.

3. A variablespeedsystemcancontroleffectivepowerrapidlyto improvepowersystem

stability.

TEST DEMONSTRATION

The following items will be tested:

1. Toleranceof materialsagainstcorrosion,salinity, etc.

2. Observationof marinegrowthadheringto materialsanda determinationof measures

to protectthe materials.

3. Effectsof seawatersprayon the surroundingenvironment.

4. Evaluationof the variablespeedpumped-storagesystem.

5. Evaluationof the seawaterpumped-storagepower plant operationinterconnected

with the powersystem.
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OPERATION OFA PUMPED STORAGEPOWER PLANT

Electricalconsumptionvariesgreatlythrough the day. Consumptionduring latenight and

earlymorning is approximately50% lessthanduring daylighthours. Howevernuclearand

thermalpowerplantsaremoreefficient and economicalif operatedat a constantrate.

A pumped-storagepowergenerationsystemcanincreasesystemefficiencysinceduringtimes

of low electricalusage,powerfrom existingnuclearand thermalpowerplantscanbe used

to drive turbinesto pumpwater into the upperreservoir.

During daylight hourswhenhigh usageoccurs,peakpower canbe generatedby releasing

water from the upperreservoir,throughthe pumped-storagepower plant, on out to the

lower reservoir. Significant savingscanberealizedusing this technology.

Pumped-storagepower generationis a very efficient method of saving electrical power

during off peak times when an excesscan be produced. Furthermoreit is essentialto

developtheseefficientpowerplantsthat rely on usingwaterresourcesasrenewableenergy.

This project is a demonstrationtestof a seawaterpumped-storagepowerplant sponsored

by the MITI, and is undertakenby EPDC.

WORK SCHEDULE

Theconstructionstartedin July, 1991hasprogressed60%of thetotal civil work asof April,

1993.

After constructionon the plant is completed,testoperationis to be carriedout for a five-

yearperiod,during that periodinvestigationswill be madeon corrosionprotectioneffects

(concerningmetallic materialsfor the waterwayand turbine),and the adhesionof marine

organism. Also, environmentalmonitoring datawill be collected for establishmentof a

comprehensiveseawaterpumped-storagepowergenerationsystem.
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Work Schedule

Apr./’90
Apr./’91

Apr./’91
Mar.I’92

Apr./’92
Mar./’93

Apr./’93
Mar./’94

Apr./’94
Mar./’95

Apr./’95
Mar.I’96

Apr./’96
Mar.I’97

Apr./’97
Mar./’98

Apr./’98
Mar.I’99

Apr./’99
Mar.12000

Apr./2000
Mar./’Ol

Apr./’Ol
Mar./’02

Construction work of Pilot
Plant

Construction of Civil Works

Preparation works

Operation w 11 be starte d

Construction of Architectual
Works

Construction of Electrical
Works

Construction of Power
Transmission Works

V

Construction of
Communication System

Demonstration Test



Progress of the Construction Works

of the Seawater Pilot Power Plant on Okinawa

(progress of civil works up to end of the year 1993)

Item Works Progress

Reservoir Excavation
Embankment

83%
71%

Intake structure Excavation
Concrete

19%
0%

Penstock
L = 314 m
(4_2.4_m)

Excavation
Concrete

100%
100%

Drainage tunnel
L * 187 ni

Excavation
Concrete

91%
65%

Disposal area Excavation -

Access road to dam
L = 140 m

Excavation -

Access road to
powerhouse

L = 380 m

Excavation 100%

Access shaft to
powerhouse

L = 148 m

Excavation
Concrete

100%
11%

Powerhouse Excavation
Concrete

100%
18%

Draft gate hail Excavation
Concrete

99%
0%

Access tunnel to
outlet structure

L = 180 m

Excavation
Concrete

100%
98%

Switchyard Excavation
Concrete

-

-

Tailrace
L = 205 m
(~ 2.7 m)

Excavation
Concrete

100%
0%

Outlet structure Excavation
Concrete
Rubblemound Breakwater

78%
99%
60%

Total progress of civil works : approximately 65%

Total progress : approximately 35.4%


